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Apparatus for Monitoring the Functionality of an Optical Element 

CLAIM OF PRIORITY 

This application claims priority under 35 USC §1 19(a) to patent application serial 
number EP 02020369.1, filed on September 12, 2002, the entire contents of which is hereby 
incorporated by reference. 

TECHNICAL FIELD 

The invention relates to an apparatus for monitoring the functionality of an optical 
element and more particularly to a laser including such a monitoring apparatus. 

BACKGROUND 

A laser beam that impinges on an optical element (e.g., an output coupler mirror of a 
laser resonator) is not entirely reflected or transmitted. Rather, a small portion of the laser 
beam is also absorbed by the optical element. Soiling of the optical element results in an 
increased absorption of the laser beam and therefore in heating of the optical element. With 
the high laser powers currently used, this can result in vaoprization of the respective optical 
element. The vapors produced by such vaporization are hazardous to health and pollute the 
surroundings (e.g., the laser resonator). In addition, a crack or break in an output coupler 
mirror with resulting vacuum leakage of a laser resonator can result in complete destruction 
of the laser. 

German patent document DE 198 39 930 CI discloses the use of an additional light 
source to monitor a protective glass. The radiation of the light source is coupled on one side 
of the protective glass, and the intensity of the radiation decoupled on the other, opposite side 
of the protection glass, where it is measured with a detector. Internal material defects of the 
protective glass such as cracks, can be detected by intensity changes. This monitoring 
apparatus is suited only for transparent optical elements. Moreover, the surface of the optical 
element cannot be monitored for functionality apart from the remaining optical element. 

It is therefore desirable to improve the detection of functionality changes of optical 
elements. 
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SUMMARY 

In a first general aspect, the invention provides an apparatus for monitoring the 
functionality of an optical element that includes a detector and a light source whose radiation 
is reflected to the detector by a surface of the optical element facing the detector and the light 
5 source. 

In a second general aspect, the invention features an apparatus for monitoring the 
functionality of an output coupler mirror of a laser resonator. The apparatus includes a light 
source whose radiation is reflected by a surface of the optical coupler mirror and a detector 
for detecting radiation emitted from the light source and reflected by the surface of the output 

10 coupler. The detector is adapted for detecting a characteristic of the reflected radiation 
indicative of the functionality of the output coupler mirror. 

In another aspect, a laser includes an optical element, a detector, and a light source 
whose radiation is reflected by a surface of the optical element facing the detector and the 
light source to the detector. The light source and the detector are arranged to monitor the 

1 5 functionality of the optical element. 

Implementations can include one or more of the following features. The light source 
can be arranged to direct radiation to the center of the surface of the optical element. The 
light source and the detector can be disposed laterally to the optical element. The light 
source and the detector both can be disposed at the same angle to the surface of the optical 

20 element. The radiation of the light source can be directed to the surface of the optical 

element at an angle of less than 30°. The light source and the detector can be integrated in a 
holder for the optical element. The light source can be a light emitting diode and the detector 
can be a photodiode. The apparatus can further include a comparator for comparing a 
detected light intensity detected by the detector with a reference intensity. The comparator 

25 can generate an error signal when the detected light intensity differs from the reference 

intensity by a defined value. The optical element can include zinc selenide, gallium arsenide, 
or diamond. The laser can be a CO2 laser. The laser can further include a laser resonator, 
and the surface can be an inner side or an outer surface of an output coupler mirror facing the 
laser resonator. The comparator can generate an error signal when the detected light intensity 

30 differs from the reference intensity by a defined value. The error signal can cause the laser to 
be switched off. 
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In a further general aspect, a method for monitoring damage to an optical element of a 
laser resonator includes shining a light beam onto a surface of the optical element, detecting 
an intensity of a reflected portion of the light beam that is reflected by the optical element, 
and comparing the intensity of the reflected portion of the light beam with a reference 
intensity. 

Implementations can include one or more of the following features. The light beam 
can be directed to the surface of the optical element at an angle of greater than 60° to the 
normal of the surface of the optical element. The method can include generating an error 
signal when the intensity of the reflected portion of the light beam differs from the reference 
intensity by a defined value. The method can include switching off a laser in response to the 
error signal. 

Further advantages of the invention are apparent from the description and the 
drawings. The features mentioned herein can be used either individually or collectively in 
arbitrary combination. The embodiments shown and described are not to be understood as an 
exhaustive enumeration, but rather have exemplary character for describing the invention, 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a first cross-sectional diagram of a apparatus for monitoring the output 
coupler mirror of a laser resonator. 

Fig. 2 is a second cross-sectional diagram of the apparatus for monitoring the output 
coupler mirror of a laser resonator. 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

The apparatus 1 shown in Fig. 1 can be used to monitor the functionality of the output 
coupler mirror 2 of a laser. A laser beam 3 is transmitted through the partially-transmitting 
output coupler mirror 2 from a laser resonator 4 in the direction to a workpiece (not shown) 
to be processed. 

The monitoring apparatus 1 includes a light source 5 (e.g., a light emitting diode) and 

a detector 6 (e.g., a photodiode), which are both integrated into a holder 7 of the output 

coupler mirror 2 on the side of the output coupler mirror 2 facing the laser resonator 4. The 

light source 5 and the detector 6 are diametrically opposed relative to the output coupler 
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mirror 2 and are disposed at the same angle to the mirror surface 8 of the output coupler 
mirror 2 facing the laser resonator 4 and lateral to the output coupler mirror 2. The light 
emitting diode and the photodiode simultaneously form an end of the vacuum inside of the 
resonator from atmosphere. 

5 The radiation emitted by the light source 5 with a reference intensity is directed 

centrally onto the mirror surface 8 and at an angle, such that it is reflected by the mirror 
surface 8 onto the opposite detector 6. The angle can be less than 30°. The measured 
intensity of the reflected radiation depends on the quality of the mirror surface 8 and 
therefore can be used to measure the damage and aging of the mirror surface 8. The optical 

10 element 2 can be monitored during operation of a laser, when laser radiation is switched on, 
or during a processing break, when the laser radiation is switched off. The measured light 
intensity is supplied to a comparator 9 (e.g., a microprocessor) to compare the measured light 
intensity with a stored reference intensity. For example, the reference intensity 15 can be the 
light intensity measured when the output coupler mirror 2 is new. If the light intensity 

15 measured by the detector 6 differs by a defined value from the stored reference intensity, the 
comparator 9 outputs an error message and switches off the laser. 

The wavelength of the light source generally differs from the laser wavelength (e.g., 
10.6 /xm for a CO2 lasers). It is selected such that the surface to be monitored of the optical 
element reflects at least part of the radiation of the light source. It is therefore possible to 

20 monitor also optical elements which are transparent for laser wavelength for surface 

functionality. The optical element can be formed of zinc selenide (ZnSe), gallium arsenide 
(GaAs), or diamond. 

For certain embodiments of the invention, the light source and the detector are 
disposed laterally to the optical element and at the same angle to the monitored surface of the 

25 optical element, for example, at an angle of less than 30°. 

The monitoring apparatus 10 of Fig. 2 differs from the monitoring apparatus 1 only in 
that it 20 is disposed on the side of the output coupler mirror 2 facing away from the laser 
resonator 4 and therefore monitors the functionality of the other surface 11 of the output 
coupler mirror 2. 
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OTHER EMBODIMENTS 

A number of embodiments of the invention have been described. Nevertheless, it 
will be understood that various modifications may be made. Accordingly, other 
embodiments are within the scope of the following claims. 



-5- 



